Bedload transport in poorly sorted gravel bed streams is considered. Bedload and typical bed material (subpavement) size distributions are observed to be similar; it follows that the coarse half of the subpavement moves through a reach at a rate near that of the fine half. Since coarser grains are intrinsically less mobile than fine grains, it follows that some mechanism must act to nearly equalize mobility. It is hypothesized that the pavement seen in gravel bed streams at low flow is in fact in place during typical transport events capable of moving all available sizes. This pavement can provide the equalizing mechanism by exposing proportionally more coarse grains to the flow. Field data are used to quantify this concept and to develop a predictive relation for river pavement. The model indicates that pavement should be absent in most sand bed streams, in agreement with observation. INTRODUCTION 
INTRODUCTION

Much effort has been expended to explain the formation and size distribution of static armor downstream of dams.
The work of Gessler [1971] and Little and Mayer [1976] provide examples. They describe a winnowing process by which fine grains are washed downstream, leaving a coarse, immobile surface layer.
Another example of a coarse surface layer is the pavement visible at inactive stages in gravel streams. Many gravel streams can transport essentially all available grain sizes during sufficiently large floods and yet show the same pavement at low flow. An example is Oak Creek, Oregon [Milhous, 1973] . Two hypotheses might be advanced to account for this.
1. During floods capable of moving pavement grains, the pavement ceases to exist or is greatly modified. As flow wanes, it reforms.
2. Pavement is present even during floods capable of moving all available grains. Its structure during such floods differs little from that at low flow.
The experiments of Parker et al. [this issue] have helped
show that the latter hypothesis is the correct one. They modeled transport events in Oak Creek, Oregon [Milhous, 1973] and the Elbow River, Alberta, Canada [Hollingshead, 1971] . Pavement formed readily and could be maintained indefinitely under constant flows, even though all grain sizes were represented in the bedload. In other words, pavement is a mobile bed phenomenon.
Lest this appears paradoxical, it should be noted that the experiments modeled the low imposed bed shear stresses typical of field gravel streams. As Parker et al. [1982] have noted, in field floods the ratio of bed shear stress to the critical value exceeds a factor of two or three only in exceptional cases. The experiments revealed that motion becomes sporadic at such low ambient shear stresses. Thus even though grains of all sizes are in motion, only a small fraction of surface grains of a given size move. These observations do not explain the reason for pavement. Herein it is hypothesized that pavement is a regulator that enables a stream to transport the coarse half and the fine half of its bedload supply at equal rates. More specifically, pavement forms just so as to render all available grain sizes of nearly equal mobility. Field data from Oak Creek, Oregon [Milhous, 1973] are used to establish the hypothesis.
An implication of the above hypothesis is that the bedload size distribution should approximate that of the subpavement. This assertion is made in the last two lines of the first paragraph of the conclusion of Parker et al. [1982] ; unfortunately, the word 'pavement' was accidently and erroneously used in place of 'subpavement.'
RELATIVE MOBILITY OF DIFFERENT UNIFORM
MATERIALS
It is clear that finer grains are intrinsically more mobile than coarser grains of the same specific gravity. In order to show that pavement provides a structural mechanism for counteracting this, it is necessary to have a formal definition of relative mobility.
Before considering mixtures, it is useful to consider two uniform materials, each in a separate flume. Both are subjected to the same bed shear stress r and move solely as bedload. Material A has grain size Ds^ and is transported at volumetric bedload rate per unit width qB^. The corresponding parameters for flume B are DsB and q•, respectively. As is seen from the previous analysis, the critical Shields stress plays an important role as regards relative mobility. It is, however, very difficult to define precisely. This difficulty can be circumvented as follows. Let rr* be a reference Shields stress, only slightly above critical, at which dimensionless bedload W* takes some very low but measurable value Wr*. Then (5) can be normalized to the form Table   1 is excluded, as no content was measured in either the subpavement or the bedload. (The lack of measured content probably reflects the low probability of finding a rare, large grain, rather than a true absence of content.) Ranges containing grains finer than 0.6 mm were excluded, as they may move predominantly in suspension. The remaining 10 grain size ranges cover sizes from 0.6 to 102 mm and include 97% of the subpavement and 91% of the pavement, respectively. The similarity hypotheses of (14) and (15) If a reach is to be in equilibrium, however, the coarse half of the bedload must by definition be transported through the reach at the same rate as the fine half. This condition must be satisfied even though on a grain by grain basis, finer grains resting on a bed surface are lighter and thus intrinsically easier to move. A gravel bed stream solves this dilemma by forming a pavement at the surface. The pavement acts as a thin buffer zone that regulates the availability of subpavement grains to the bedload. Thus even if the coarser half of the subpavement is, when placed on the surface, intrinsically more difficult to move than the finer half, approximate equal mobility in terms of the subpavement can still be achieved by overrepresenting the coarser half of the subpavement on the surface and underrepresenting the finer half. In order to maintain equilibrium, then, the surface layer must inevitably coarsen into a pavement until increased (decreased) availability just counteracts lower (higher) intrinsic mobility of coarser (finer) grains, leading to a net equalization of mobility. [1965] have noted a phenomenon called hiding. In a mixture, finer surface grains typically protrude less into the flow than their coarser neighbors, which shelter them from its mobilizing influence. As a result, finer surface grains in a mixture are less mobile than when they are surrounded exclusively by neighbors of similar size. Likewise, the isolated protrusions offered by coarser surface grains in a mixture render them more mobile than they are in a uniform sediment composed exclusively of the coarser size in question. The phenomenon is called 'microscopic' hiding herein because it depends upon the relative placement of individual grains.
MICROSCOPIC AND MACROSCOPIC HIDING Both Einstein [1950] and Egiazaroff
Microscopic hiding helps reduce the intrinsic difference in mobility between coarser and finer surface grains. In order to see this, it is useful to conduct a simple thought experiment. Consider some grain size Di in a mixture with median pavement size Dr50, all contained within a given flume A. The results for Oak Creek are shown in Figure 9 ; bedload has been measured therein for qb50 up to near 1.4. The agreement is excellent, as can only be expected in view of the circularity of comparing Oak Creek data with a method determined empirically from the same data.
Three other streams were chosen for a more meaningful comparison; they are the Snake River, Idaho [e.g., Emmett, 1976] , the Elbow River, Alberta, Canada [Hollingshead, 1971] , and the Vedder River, British Columbia, Canada [Tywoniuk, 1974] . A brief summary of each stream can be found in the work by Parker et al. [1982] . Measured values of Ds0, fi, fpi, Dpg, and Erpg are given in Table 2 . Unfortunately, the pavement values for the Elbow and Snake Rivers were determined from pebble counts of tape or toe samples rather than bulk samples; this leads to some inconsistency in comparison. The samples from the Vedder river are bulk samples but are only inferred to include mostly pavement from the available documentation. Figures 9b, 9c , and 9d. The agreement is perhaps as good as can be expected in light of the nature of the measured data.
Measured and computed pavement values are compared in
DISCUSSION
The genesis of pavement can be visualized as follows. Each time a large grain is dislodged, it leaves a 'hole' in the bed of comparable size. Small grains that fall into the hole may work their way below the pavement and reduce their probability of reerosion (Figure 10 ). This 'vertical winnowing' process, first described by Milhous [1973] , can operate to whatever degree is required to realize equal mobility. It is fundamentally different from downstream winnowing in that the former requires movement of the larger grains, while the latter requires that they not move.
An extrapolation of the subpavement curve of Figure 3 to values of Di/D5o greater than five would suggest that even very rare, large grains are rendered of equal mobility by the pavement structure. Andrews [1982] has shown that the extrapolation is not valid; for Di/D5o greater than five, rri* approaches an asymptotic value near 0.02. Apparently pavement structure cannot adjust to equalize the mobility of very rare, large grains.
SUMMARY AND CONCLUSION
It is hypothesized that the pavement seen in gravel bed streams at low flow is in fact in place during typical transport events capable of moving all available sizes. During transport events characterized by bed shear stresses not far above the critical value for sporadic mobilization of pavement grains, coarser grain size ranges on the bed surface are intrinsically much less mobile than their finer counterparts, even including microscopic hiding effects. If bedload and typical bed material (subpavement) size distributions are observed to be similar, it follows that the coarse half of the subpavement moves through the system at a rate near thal• of the fine half, i.e. the two halves are of near-equal mobility. This observed near-equality can only be accounted for by assuming that the stock of coarse grains available for motion at the surface is enhanced just so as to approximately counter their lower intrinsic mobility. This enhancement is realized in the form of pavement; it is achieved by a vertical winnowing process.
When stresses are well above critical stress, mobility differences on a grain-by-grain basis are reduced; the differences disappear asympotically. Thus a coarse pavement should not form. The low-stress range for which pavement is required is typical of gravel bed streams; the high-stress range where it should not occur is typical of sand bed streams.
Quantitative support for the above explanation is obtained from bedload measurements in Oak Creek, Oregon. A similarity analysis allows for a general quantification of pavement. A reanalysis to account for deviations from similarity results in a method for predicting pavement grain size distribution. The agreement with data from three other field streams is reasonable.
The analysis possesses several important drawbacks. The predictive relations for mixtures are based on a single field data set; however, this point may not be too critical, since the similarity analysis ties in well with known relations for uniform sediments via, e.g., (9). Of some greater significance is the fact that no allowance is given for areal sorting due to, for example, bars. Also, no account of excess sand 'throughout' load over gravel beds is given [Parker et al., 1982] .
